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THE ADSORPTION OF CARBON MONOXIDE ON PLATINUM AND RHODIUM ELECTRODES 

S. Gilman 

Nat ional  Aeronautics and Space Admin is t ra t ion,  E lec t ron i cs  Research Center, 
Cambridge, Massachusetts 

INTRODUCTION 

The adsorpt ion o f  carbon monoxide on noble metal e lect rodes i s  o f  
c u r r e n t  i n t e r e s t  i n  connection w i t h  several areas i n  the  f i e l d  o f  fue l  
c e l l  technology. 
impure hydrogen con ta in ing  CO (8), and o f  organic  substances where adsorbed 
CO i s  suspected o f  being an in termediate (9 ) .  
w i l l  compare the r e s u l t s  o f  e a r l i e r  (1-4) s tud ies  o f  CO adsorpt ion on 
P t  w i t h  more recent  observat ions (5) made on t h e  adsorpt ion o f  CO on Rh under 
roughly  s i m i l a r  experimental condi t ions.  

These areas i nc lude  anodic o x i d a t i o n  o f  CO (7), of 

In t h i s  paper, t he  author  

EXPERIMENTAL 

The o r i g i n a l  papers (1-5) may be consul ted f o r  experimental d e t a i l s .  

Rh e lect rodes were annealed near 
The P t  and Rh e lect rodes were smooth p o l y c r y s t a l l i n e  wi res.  
genera l l y  annealed i n  a hydrogen flame. 
t h e  m e l t i n g  p o i n t  i n  a high-vacuum b e l l  j a r .  
s o f t  g lass  supports a t  one end, us ing a cool  hydrogen flame. 
were g i ven  a l i g h t  e t ch  i n  aqua reg ia .  

i n  the same s o l u t i o n  as t h e  working e lect rode.  

t he  geometric area, unless otherwise spec i f i ed .  

P t  w i res  were 

Both metals were sealed i n t o  
The surfaces 

A l l  p o t e n t i a l s  a re  r e f e r r e d  t o  a r e v e r s i b l e  hydrogen e lec t rode  immersed 

A l l  values of charge and c u r r e n t  dens i t v  a re  repor ted on the bas is  o f  

DISCUSSION 

Hydrogen and Oxygen Adsorption on Clean P t  and Rh Electrodes- 

and "oxygen" ( i n c l u d i n g  poss ib le  formation o f  oxides o r  ox ide precursers)  
on P t  and Rh electrodes, and the  r e s u l t s  have been reviewed by severa l  
authors (10-15). 
p e r c h l o r i c  ac id  e l e c t r o l y t e  a r e  use fu l  i n  e s t a b l i s h i n g  proper cond i t i ons  
fo r  t he  study o f  CO adsorpt ion and i n  i n t e r p r e t i n g  the  r e s u l t s :  

1 )  
approaches d monolayer near 0 v.. 
0.3 - 0.4 v. (depending on temperature) f o r  P t  and a t  0.1 - 0.2 v. f o r  Rh. 
The adsorpt ion and desorpt ion o f  hydrogen atoms possesses a h i g h  degree o f  
r e v e r s i b i l i t y  f o r  both metals. 

The adsorpt ion of "oxygen" begins a t  p o t e n t i a l s  below ca. 0.8 v. 
f o r  P t  and below ca. 0.6 v. f o r  Rh. The "adsorpt ion"  i s  n o t  r e v e r s i b l e  
(except poss ib l y  a t  very  low coverages) i n s o f a r  as the  d i s s o l u t i o n  o f  t h e  
"oxygen" f i l m  occurs a t  p o t e n t i a l s  severa l  t en ths  o f  a v o l t  l e s s  anodic 
than t h e  formatlon. 

Numerous vo l tamet r i c  s tud ies  have been made o f  t he  adsorpt ion o f  hydrogen 

The f o l l o w i n g  q u a l i t a t i v e  conclusions f o r  s u l f u r i c  o r  

The coverage o f  both P t  and Rh elect rodes w i t h  hydrogen atoms 
The coverage g radua l l y  decreases t o  zero a t  

2 )  
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Steady-State Oxidation of CO and  Hz- 

Information on the steady-state oxidation of CO and H on P t  and Rh 
electrodes provides information useful i n  in te rpre ta t ion  03 r e su l t s  of 
adsorption studies.  
acid appear in Fig. 1 .  
a slow linear sweep but s imi la r  resu l t s  may be obtained point-by-point 
a t  constant potential .  
transport-controlled oxidation i s  observed s l igh t ly  above the  reversible 
poten t ia l .  
of oxygen adsorption (above ca. 0.6 a n d  0.8 v. f o r  Rh and  P t ,  respectively),  
and i s  almost complete within a few additional tenths of a voTt. 
a f l a t  l imiting current is  not observed, since i n i t i a l  CO oxidation and 
i n i t i a l  passivation almost coincide. The steep i n i t i a l  r i s e  i n  CO oxidation 
current has previously been ascribed, fo r  P t  ( 3 ) ,  t o  a reversal of "se l f  
poisoning". Compared 
w i t h  hydrogen, the passivation of CO oxidation occurs over a wider range 
o f  potentials,  par t icu lar ly  fo r  the P t  electrode. 

"Polarization curves" obtained i n  s t i r r e d  su l fu r i c  
The curves were obtained under the conditions of 

For hydrogen on both P t  and R h ,  ( F i g .  l a  and l b ) ,  

Onset of passivation of the oxidation i s  apparent a t  the potential 

For CO, 

A s imilar in te rpre ta t ion  seems l ike ly  f o r  Rh a s  well. 

' Electrode Pretreatment- 

A convenient i n i t i a l  condition f o r  the  study of adsorption i s  t ha t  for 
which the surface coverage w i t h  the adsorbate (and w i t h  impurities) i s  
i n i t i a l l y  zero and no reaction occurs between the surface and the adsorbate 
(hence the concentration of adsorbate near the electrode surface is  the 
same as t h a t  in the bulk of the solution).  For some adsorbates ( e .  g . ,  
some ions and  hydrocarbons) t h i s  condition may be achieved a t  some potential 
w i t h  the P t  surface i n  the  reduced s t a t e .  For CO on P t  and Rh, this condition 
may only be achieved by passivatinq the surface w i t h  an "oxygen" fi lm. 
For P t  (sequence of F i g .  2a) a potential as h i g h  as approximately 1 . 8 ~ .  
( s t ep  A )  i s  required, not only for  su f f i c i en t  passivation, but a l so  t o  
remove such refractory impurities a s  the hydrocarbons (16).  
anodization (C02, 02) may be eliminated a t  some lower potential (e. g. ,  step B )  

% a t  which the "oxygen" film i s  s t i l l  retained. Rapid reduction of the surface 
a n d  subsequent adsorption occurs during s tep  C.  For Rh (sequence of Fig. 2b)  
the  high-potential anodization of s tep  B eliminates a l l  refractory adsorbed 
substances, b u t  the resu l t ing  "oxygen" film is reduced very slowly ( a s  compared 
with P t ) .  After this  more rigorous cleanup, the  anodization of the surface 
a t  1 . 2  v .  ( s tep  D )  i s  su f f i c i en t  fo r  Rh (unlike P t )  t o  s t r i p  off C02 and 
fu l ly  passivate the surface against  CO re-adsorption o r  oxidation. 

In F i g .  Za, t race  A i s  !)flieved to  correspond t o  the clean P t  surface. 
Variations such as t races  6 and C a re  believed (2,6) t o  correspond t o  a 
surface contaminated by e l ec t ro ly t e  impurities since such variations a re  
accel lerated by s t i r r i n g  and retarded by solution purification procedures. 
Similar observations have been made by Giner ( 1 7 )  and Brumer (18) f o r  P t  
in su l fu r i c  and phosphoric ac ids ,  respectively.  
appears similar t o  t ha t  f o r  P t ,  w i t h  trace 1 corresponding t o  the clean 
surface a n d  traces 2 and 3 corresponding t o  surface contamination. 

Products of the 

The s i t ua t ion  fo r  Rh ( F i g .  2b)  

I 

I 

I 

Determination o f  CO Coverage by Anodic Stripping- 

discussed above. 
Of s tep  C ,  and CO adsorbs on the freshly reduced surface. 
D r e su l t s  in the current-time (po ten t i a l )  t races .  
t o  zero coverage with CO and the charge (a rea)  obtained by integrating under the 

In the potential sequence of Fig. 3a, the P t  surface i s  pretreated a s  
The surface i s  them reduced during the f i r s t  few milliseconds 

Application of sweep 
Trace A of .F ig .  3a corresponds 
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curve s t a r t i n g  a t  t h e  p o t e n t i a l  o f  s t e e p l y - r i s i n g  c u r r e n t  corresponds t o  
o x i d a t i o n  of t h e  surface, charging o f  the i o n i c  double l a y e r  and ( a t  higher 
P o t e n t i a l s )  t o  evo lu t i on  o f  molecular  oxygen. 
increas ing coverage o f  t h e  sur face w i t h  CO and compared w i t h  t r a c e  A, add i t i ona l  
charge flows corresponding t o  o x i d a t i o n  o f  adsorbed CO t o  CO2. Using t race  
F as example, we see t h a t  t h i s  t race  merges w i t h  t h a t  f o r  t h e  c lean  surface 
a t  t ime t l  ( o r  p o t e n t i a l  E 1. 
t he  two surfaces a re  i n  thL  same s t a t e  by t ime tl. This  i n  turn,  suggests (2)  
t h a t ,  ( i n  s p i t e  o f  t he  o t h e r  coulombic processes occu r r i ng )  AQ, t h e  d i f ference 
i n  charge under t races F and A may correspond almost e x a c t l y  t o  QCO, the 
charge requ i red  t o  o x i d i z e  adsorbed CO t o  C02. This  assumes t h a t  t h e  sweep 
i s  s u f f i c i e n t l y  f a s t  t h a t  d i f f u s i o n  and subsequent o x i d a t i o n  o f  CO d u r i n g  the  
sweep i s  n e g l i g i b l e .  

r 
experimental observations (1,2) tend t o  support t he  v a l i d i t y  o f  equat ion (1) 
f o r  P t .  
speeds where e r r o r s  due t o  d i f f u s i o n  o f  CO dur ing the  sweep a re  n o t  an t i c ipa ted .  
Second, the adsorpt ion r a t e  determined through anodic s t r i p p i n g  obeys a 
ca l cu la ted  d i f f u s i o n  r a t e  law t o  w i t h i n  10% (2) .  
may a l so  be used i n  determin ing the  CO sur face coverage (19-22) i n  a manner 
s i m i l a r  t o  the use o f  a l i n e a r  sweep. 
repor ted maximum coverage a r e  l i k e l y  due i n  p a r t  t o  the  d e t a i l s  of c o r r e c t i n g  
f o r  o x i d a t i o n  o f  t he  sur face (4 ) .  

o f  F ig .  3b, r a p i d  reduc t i on  o f  t h e  sur face occurs dur ing step F, b u t  t he  
major p a r t  o f  t h e  adsorpt ion may be al lowed t o  occur a t  any o t h e r  p o t e n t i a l  
U (dur ing step G ) .  
l a r g e r  values o f  U. Sweep I i s  app l i ed  t o  sample the  e x t e n t  o f  adsorpt ion 
and the  current - t ime ( p o t e n t i a l )  t races  obta ined a r e  s i m i l a r  t o  those obtained 
f o r  P t .  
experimental adsorpt ion r a t e  f o l l o w s  a good l i n e a r  d i f f u s i o n  law (5) ,  u n t i l  
h igh  coverages a re  achieved. 

K i n e t i c s  o f  CO Adsorption- 

U n t i l  the coverage exceeds a t  l e a s t  75% o f  t he  maximum, the  k i n e t i c s  o f  
CO adsorpt ion on both P t  and Rh i s  s u f f i c i e n t l y  r a p i d  t h a t  t r a n s p o r t  c o n t r o l  
i s  observed i n  both qu iescent  and mechanica l ly  s t i r r e d  s o l u t i o n s  (2,4,5). 
app l i es  f o r  p o t e n t i a l s  ranging from t h a t  o f  hydrogen gas e v o l u t i o n  t o  t h a t  
o f  anodic a t t a c k  on CO. 

Traces B-F correspond t o  

This  suggests t h a t  desp i te  i n i t i a l  condi t ions,  

(1 1 I n  t h i s  case: 

Where IC0 i s  t he  coverage o f  t he  CO i n  moles per  cm2. The 

F i r s t ,  AQ i s  found t o  remain constant  throughout a range o f  sweep 

Galvanostat ic  t r a n s i e n t s  

Var ia t i ons  between i n v e s t i g a t o r s  i n  

Equation (1) seems t o  apply  f o r  Rh as w e l l  as f o r  P t  ( 5 ) .  I n  the sequence 

Step H i s  app l i ed  t o  e l i m i n a t e  "oxygen" adsorbed a t  

As f o r  P t ,  AQ i s  r e l a t i v e l y  independent o f  sweep speed and t h e  

Th is  

E f f e c t  o f  Po ten t i a l  on t h e  S t r u c t u r e  o f  t h e  Adsorbed Layer- 

Carbon monoxide adsorbs on both P t  and Rh e lec t rodes  over  a range o f  
p o t e n t i a l s  extending f rom h i g h l y  reducing t o  h i g h l y  o x i d i z i n g  condi t ions.  
It i s  reasonable t o  suspect t he re fo re ,  t h a t  t he  adlayer  may vary i n  composit ion 
o r  s t r u c t u r e  corresponding t o  p a r t i a l  o x i d a t i o n  o r  reduc t i on  o f  t h e  o r i g i n a l  
adsorbate. During a l i n e a r  anodic sweep, the re  a re  coulombic processes i n  
a d d i t i o n  t o  the o x i d a t i o n  o f  CO and t h e  s i t u a t i o n  i s  t h e r e f o r e  k i n e t i c a l l y  
complex. 
t he  adlayer, i f  comparisons a re  made under c a r e f u l l y  c o n t r o l l e d  cond i t i ons .  
I n  F ig .  4a and-4b, us ing the  r e s u l t s  f o r  U=O.12 v. as t h e  bases f o r  comparison, 
t races f o r  CO on Rh a r e  compared f rom -0.2 v. t o  0.5 v.. When the t races 
a re  compared a t  (approximately) equal values o f  QCO, t he  r e s u l t s  a r e  almost 
i d e n t i c a l  over t h i s  e n t i r e  range o f  p o t e n t i a l s .  For P t  (F ig .  4c) a t  full 

Nevertheless, t h e  l i n e a r  anodic sweep t r a c e  may be used t o  character ize 

I 
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coverage the identical t race  ( t r ace  2) is obtained f o r  potentials from -0.1 t o  
0.7 v . .  
reduction of the adlayer. Excluding potentials as low as  -0.2 V .  f o r  P t ,  
i t  may therefore be concluded t h a t  there i s  no evidence f o r  s t ruc tura l  
variations in the CO adlayer on e i the r  P t  o r  Rh over most of the range of 
potentials a t  which CO adsorbs. 

Steady-State Coverage w i t h  CO- 

Fig. 5 presents the  f rac t iona l  coverage of a P t  electrode surface with 
CO as determined under the conditions of a slow t r iangular  sweep. 
similar r e su l t s  may be obtained on a point-by-point basis a t  constant potential .  
T h e  decreased coverages observed during par t  of the  descending sweep i s  due 
t o  the lag in reduction of the  "oxygen" fi lm formed a t  high potentials (1) .  
For a hypothetical per fec t ly  smooth electrode, the maximum value of Q 
0.28  mcoui. j cm- (4) 
moles/cm* (based on the hydrogen ar*90% of the available (hydrogerl) 
s i t e s  occupied by CO. 
pressures over a range of a t  l e a s t  0.01 t o  1 atmosphere (4) .  

f o r  P t ,  we see t h a t  a f l a t  maxumum i s  obtained f o r  a wide range of potentials 
a n d  CO par t ia l  pressures. The maxumum value of Qco as cal ulated for  a smooth 
surface i s  0.44 mcoul. jcm2 (hydrogen area) ,  equivalent t o  fC0=2.2x10-9 
moleslcmz (hydrogen a rea ) .  
available (hydrogen) s i t e s  with CO. 

a t  the same potentials where CO i s  oxidized to  CO , and where there i s  a l so  
the onset of "oxygen" ddsorption for both P t  and 6 h .  For Rh as f o r  P t  (15) 
i t  may be argued tha t  the  explanation most a t t r ac t ive  a t  present, i s  t ha t  the 
adsorption of "oxygen" causes the r a t e  of adsorption t o  become activation- 
controlled and su f f i c i en t ly  slow t h a t  i t  is  overwhelmed by the r a t e  o f  CO 
oxidation. 
(experimentally indistinguishable from zero).  
with CO i s ,  i n  turn, la rge ly  responsible f o r  the i n i t i a l  decrease i n  anodic 
corrent a t  h i g h  po ten t ia l s  (Fig. I C  and I d ) .  

Hydrogen Co-deposition Measurements and Structure of the Adlayer- 

I f  a cathodic sweep i s  applied t o  a P t  o r  Rh electrode pa r t i a l ly  covered 
with CO ( and in the absence of previously adsorbed hydrogen o r  "oxygen"), 
the maJor coulombic process will  correspond t o  the deposition of hydrogen atoms 
on s i t e s  not previously blocked by CO (2,5). Fig. ?a and 7b are  some typical 
traces obtained f o r  P t  and Rh ,  and F i g .  7b demonstrates the construction 
l ines  tha t  may be drawn to  define a closedarea (charge),  SQH corresponding t o  
hydrogen codeposition. These construction l ines  serve mainly to  d i f f e ren t i a t e  
between the end of the hydrogen adsorption and the onset of the molecular 
hydr-ien evolution processes. I t  i s  to be noted tha t  the  implicit  assumption 
involved i s  that  appreciable molecular hydrogen evolution does not begin u n t i l  
the mixed monolayer i s  largely complete. The sweep i s  continued t o  any value 
of the potential required t o  force the hydrogen evolution process a t  the 
Par t icu lar  coverage w i t h  CO.  The grea te r  i r r e v e r s i b i l i t y  of hydrogen adsorp- 
t ion  on Rh i s  evidenced by the  much higher overpotentials required a t  the 
par t icu lar  sweep speed employed. 

Subject t o  the l imi ta t ions  in evaluating SQH, the following relationship 
may hold f o r  e i the r  P t  o r  Rh: 

Trace 3 i s  obtained a t  -0.2 v .  and may correspond to par t ia l  / 

Very 

= 
(based on the h dro en area) corresponds t o  r co=??4~10-~  

This maxumum value remains constant fo r  CO par t ia l  

As The resu l t s  for Rh ( f i g .  6 )  were obtained a t  constant po ten t ia l .  

This corresponds t o  almost complete coverage o f  

For both F t  and Rh the  coverage with CO tends to f a l l  off precipitously 

This causes the surface coverage to drop down t o  a very small value 
The decrease i n  surface coverage 

< 

I' 
1 

1 
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n 
where I 
presense of adsorbed co 
absenc2 OfOadsorbed CO 

o f  CO adsorbed. 

the sweep, as may be verified experimentally. 
CO and hydrogen adsorption s i t e s  a r e  similar and tha t  hydrogen adsorption 
may only be blocked d i rec t ly  by formation of a CO - surface valence bond, 
then m may have the significance of representing the number of valences 
formed between a CO molecule and the  surface. 
m was found t o  have the  value 2 fo r  the f i r s t  30% of coverage, and 1 fo r  the 
remainder [suggesting "bridged and "linear" structures (23) respectlvelyl.  
The apparent bridging decreased a t  6OoC. 
adsorption was suggested by the observed value of m = 1 ,  determined from the plot 
of Fig. 8(5). 
temperatures. 

saturation coverage of the surface with hydrogen atoms i n  the 

( rH) =Saturdticill coverage of the surface w i t h  hydrogen atoms i n  the 

m=average number of hydrogen adsorption s i t e s  obscured per molecule 

For ( 2 )  t o  apply i t  is only necessary tha t  no desorption of CO occur during 
I f  we further assume tha t  

For CO on P t  a t  3OoC (21, 

For Xh a t  8OoC, only the one-site 

As for  P t ,  a two-site adsorption m i g h t  be indicated at-lower 

The Hydrogen- Adsorp t i  on I sot herm- 

In somewhat d i f ie ren t  experiments t o  those discussed above, hydrogen atoms 
may be adsorbed a t  constant potential on a surface par t ia l ly  covered w i t h  a 
measured amount of CO. The coverage w i t h  hydrogen may t h e n  be determined by 
se lec t ive  anodic stripping w i t h  a l inear anodic sweep (5) .  
potential plot of Fig. 9 i s  essent ia l ly  an adsorption isotherm (since fractional 
coverage i s  proportional t o  the  charge and the logarithm of hydrogen partial  
pressure i s  proportional t o  the  poten t ia l )  fo r  the clean Rh surface, similar 
to those previously reported by Will and Knorr (24)  and by Bold and Breiter 
(25). Fig. 10 reveals how the  coverage w i t h  hydrogen a t  constant potential 
decreases l inearly w i t h  increasing CO adsorption time. 
coveracle is increasing l inear ly  under these conditions, and analysis o f  the 
Dlots reveal tha t  the followina emDirica1 relationshiD exis t s  a t  a l l  Potentials,  

The charge- 

The CO surface 

between fractional hvdroaen an i  CO' surface coverages - . .  
coverage with C O ) :  

where eH=fractional coverage 

( 'H )o '~H i n  absence of 

(below 80% of f u i i  

(3) 

w i t h  hydrogen atoms=QH/SQH 

adsorbed CO 

eC,=fractional coverage w i t h  CO=Qco/ (QCO)maximum 

Expression (3) implies tha t  the shape of the adsorption isotherm f o r  the  clean 
surface i s  retained as CO adsorbs. 
i s  a random distribution of CO molecules on hydrogen adsorption s i t e s  possessing 
d i f fe ren t  heats of adsorption. T h i s  cont ras t s  w i t h  the conclusion of Breiter (22)  
fo r  formic acid adsorption on P t .  According t o  Breiter,  i n i t i a l  adsorption of 
formic acid on P t  occurs on those s i t e s  having the highest heats o f  adsorption 
fo r  hydrogen atoms. 

The result ing implication is tha t  there 



__I. . . . . . . . - .. 

REFERENCES 

1 .  

2 .  Ibid., 67, 78 (1963). 

3. 

4. Ibid. ,  lo, 2880 (1966). 

5. S. Gilman, Section 2.1.5 i n  General Elec t r ic  Technical Summary Report 
Yo. 10, Hydrocarbon-Air Fuel Cells,  1 July-31 December, 1966, ARPA Order No 
247, Contract No. DA44-009-hc-479(T) with U. S .  Amy Engineer Research and 
Development Laboratories, F t .  Belvoir, Va. 

6. S .  G i l m i n ,  Electrochem .Acta 2, 1025 (1964). 

7 .  

8. 0. b'. :lcKee, L .  W .  Niedrach, I .  F. Danzig and H .  I. Zeliger, General 
Elec t r ic  Technical Summary Report No. 9, Hydrocarbon-Air Fuel Cel l s ,  
1 January-30 June, 1966, ARPA Order No. 247, Contracts Nos. DA-44-009- 

S. Gilman, J .  Phys. Chem. 66, 2657 (1962). 

Ib id . ,  67, 1898 (1963); 68, 70 (1964). 

H .  Binder, A. K b h l i n g  and G.  Sandstede, Adv. Energy Conv. 7,  77 (1967). 

EliG-4909, DA-44-009-AMC-479( Y )  , DA-44-ENG-4853 ,pp .  2-4. 

9. D. R .  Rhodes and E.  F. Steigelmann, J. Electrochem. SOC. 112, 16 (1965). 

10. A.  N .  Frumkin, Chapter 5 i n  "Advances i n  Electrochemistry and Electro- 
chemical Engineering", Vol. 3, Ed. by P .  Delahay, bliley, New York, 1963. 

1 1 .  J .  A. V .  Butler, Ed., Chapter IX i n  "Electrical  Phenomena a t  Interfaces",  
Methuen, London, 1951. 

12. L .  Young, Chapter 22 i n  "Anodic Oxide Films", Academic Press, New York, 
1961 * 

13. P. Delahay, "Double Layer and Electrode Kinetics", Wiley-Interscience, 
New York, 1965. 

14 .  

15. 
Allen J .  Bard, Narcel Oekker, Inc, New York, 1967. 

K .  Vetter, Chapter 4 in  "Elektrochemische Kinetic", Springer, Berlin, 1961. ' 
S. Gilman, Chapter 3 in  "Electroanalytical Chemistry", Vol. 3, Ed. by 

16.. S. Gilman, J .  Phys. C h e m . ,  In Press. i i  

1 7 .  J .  Giner, Private Communication. 

18. 

19. 

2 

S .  B.  Brumner, J .  I .  Ford, and M. J .  Turner, J .  Phys. Chem.  69, 3424 (1965). 

R. A .  Munson, J .  Electroanal. Chem. 5, 292 (1963). 



I 

99 

20. 

21. 

22. M .  Breiter, Electrochim. Acta $, 447 (1963). 

23. R .  D. Eischens and W. Pliskin,  "Advances i n  Catalyses", Vol. X ,  Academic 
Press, Inc. ,  New York, 1958, p. 18. 

24. F. Will and C.  Knorr, Z .  Elektrochem. 64, 258, 270 (1960). 

25. W. Bbld and M. Breiter,  Z. Elektrochem. 64, 897 (1960). 

T. 6. Warner and S. Schuldiner, J .  Electrochem. 

S. 6. Brummer and J .  I .  Ford, J. Phys. Chem. 69, 1355 (1965) 

Soc. 111, 992 (1964). 

\\ 



_- - -. . . ... 

100 

1.0 S-0 

S.0 S.0 

I .o I .o 

VOLTS 
0.2 OJ 1.0 1.4 

c( 

( C l  

4.0 r 
1.0 - 

Oh #4N n,Y),.CO 

2.0 - 
1.0 - 

0.2 0.S 1.0 I .4 

I 

0.t 0.S 1.0 1.4 POTCMTlAL, 
VOLTS 

1 

FL&ir= 1. P d a r i z a t i o n  curves measured f o r  smooth P t  and Rh elec- 
-c pc ,Ls r. c 

see. 
elecrrcde) or 8OoC (Rh e lectrode)  and the solut ion was paddle-stirred 
(jcG PPI) throughout the experiment. The hatched areas correspond t o  
r e l s n s  cI" c s c i l l a t i o n  o f  the current.  (From Ref. 5) 

during appl icat ion of a l i n e a r  anodic sweep of speed 0.04 v. 
The e l ec t ro ly t e  w a s  sa turated w i t h  the gas at e i t h e r  3OoC ( P t  
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Figure 2. Adsorption of e l ec t ro ly t e  impurities by smooth P t  
and R h  electrodes. I n  Figure 2a, s teps  A and B are f o r  pre- 
treatment, adsorption occurs during s t e p  C (0.4 v., 1 N HC104 
3OoC)  and the t races  are recorded during sweep D. I n  Ftgure 
2b, s teps  A-E are for pretreatment, adsorption occurs during 
s t e p  F (0.12 v., 4 N H2S04 8 O O C )  and the t races  a re  recorded 
during sweep G. (Figure 2a from Ref. 6; Figure 2b from Ref 5). 
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Figure 3. 
ancdic stripping. 
and 3b, respectively. 
i n  Figure33a and 3b, respectively. 
ment. (Figure 3a from R e f .  2; Figure 3b from Ref. 5). 

Determination of CO adsorption on Pt and Rh electrodes by 
Steps C and G are adsorption s teps  i n  F'igura3a 

The t r aces  are measured during sweeps D and I 
A l l  other s teps  are f o r  pretreat-  
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Figure 4. 
t he  t r ace  corresponding t o  anodic s t r ipp ing  of adsorbed CO. Adsorp 
t i on  on R h  and on pt occurs during s teps  G and E of the respective 
sequences. Comparisons of tk traces obtained at the d i f f e ren t  poten- 
tials i s  made a t  ahnost i den t i ca l  values of t he  surface coverage (as 
measured by Qco) . (Figures 4a and 4b from Ref. 5; Figure 4c from 
Ref. 4) .  

Effe‘ct of e lec t rode  poten t ia l  a t  which CO i s  absorbed upon 
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Figure 5. 
The 1 N HC104 w a s  saturated with CO at 3OoC and the sol- 
ution w a s  paddle-stirred throughout the experiment (360 
rp) .  The electrode potent ia l  w a s  varied according t o  a 
triangular voltage-time sweep of speed 0.04 v./sec. 
w a s  defined r e l a t i v e  t o  a hydrogen monolayer. The max- 
h u m  value o f  0 i s  equivalent to  (CO tnodic s t r i  
ping charge) of'8.28 mcoul. per cm %'"true (hydrogeny 
area. (After R e f .  1). 

Coverage of a Pt electrode surface w i t h  CO. 
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Figure 6. 
&So4 was saturated with CO a t  8OoC, and Qc (charge required 
f o r  anodic s t r ipping of CO) w a s  determined %fter adsorption a t  

i s  reported on the potent ia l  U of the indicated sequence. 
basis of geometric area and may be conver d t o  "true" (hydrogen 
area) by dividing by the  roughness f a c t o r  of 1.16. 

Coverage of  a Rhelectrode surface w i t h  CO. The 4 N 

%€! 
(Mter Ref .  5 )  
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Figure 7. 
p a r t i a l l y  covered w i t h  CO. The adsorption of CO occurs during 
s t eps  C and F o f  Figures7a and 7b, respectively. 
correspond t o  hydrogen adsorption during sweeps D and H of 
Figure 7a and 7b, res ct ively.  A l l  o ther  s teps  a r e  f o r  elec- 
trode retreatnent .  
R e f .  57. 

Determination of hydrogen co-deposition on electrodes 

The t races  

Eigure 7a after Ref. 2; Figure 7b after 
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Figure 8. Variation of %(charge corresponding t o  saturat ion 
coverage with CO) w i t h  t 8e  
derived from traces such as those of Figure 7. 

ime of adsorption of 0. The data was 
(After Ref. 5) 
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Figure 9. Equilibrium hydrogen coverage on a clean smooth R h  
electrode (R.F. = 1.2, 4 'A &SO4 8 0 O c ) .  The coverage i s  expressed 
i n  terns  of the equivalent charge, QH, for deposition or dissolu- 
t i on  of the atoxic  hydrogen. 
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Figure 10. Decrease of equilibrium hydrogen coverage with time 
of adsorption of GO 
1s CO, 99% argon at hO°C;  solut ion s t i r r e d ) .  The coverage with 
hydrogen i s  expressed as the equivalent charge, %, f o r  deposi- 
t i on  or dissolucion of the atomic hydrogen. 
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